tion reaction was used to transform Escherichia coli [C. L. Hseih et al., Mol. Cell. Biol. 11, 3972 (1991)] by electroporation; the bacteria were grown overnight on agar plates containing ampicillin (100 [Lg/ml; Sigma). Colonies were expanded for plasmid DNA isolation and double-stranded DNA sequencing with the use of PRISM Ready Reaction Dyedeoxy Terminator Cycle sequencing reactions as recommended by the supplier (Applied Biosystems, Foster City, CA) with a V.3 primer (CTCTGCTGAGTGTCCTTCAA) (V33.2); we then performed gel electrophoresis with detection and analysis of the fluorescent product using the Applied Biosystems model 373A DNA sequencing system. No repeat sequences were found in either the naive resting group or the unactivated populations; one of 24 sequences was repeated in the 8 weeks post-primary group [and this bore the typical NNA motif (where N is Asn and A is Ala) of PCC reactivity]. Many repeats were found in both activated groups. In the primary-activated group, 11 unique sequences were found among the 30 clones; of these sequences, four were repeated 12, 6, 3, and 2 times. In the memory-activated group, there were eight unique sequences of the 26 clones from the population analysis; of these, four were repeated 12, 5, 3, and 2 times. Of the 15 single cells, there were 10 unique sequences, two of which were repeated 5 and 2 times. 30. Abbreviations for the amino acid residues are A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, lie; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. 31. Immunization, staining for flow cytometry, cell sorting, cDNA synthesis, PCR, "nested" PCR, and DNA sequencing were undertaken as described (29) V33.2 (29) and one specific for C, (GGCGTCGTC-GACGAACAGGCAGAGGGTGCTGTCCTGAG) (C,.3) were used for direct sequencing of the PCR product after column separation of PCR product from primers. 32. Animals were immunized and populations sorted by phenotype as described (29). "Sequence" in Table 1 shows a summary from data presented in Fig. 2 . "Dot blot" shows the results from screening PCR products containing V33-amplified DNA from the (1992)]. Filters were exposed to a phosphor screen and quantified on a Molecular Dynamics PhosphoImager with ImageQuant software (Molecular Dynamics, Sunnyvale, CA). "Colonies" in Table 1 shows the results after subcloning PCR products from the sorted populations (29). The colonies were then transferred onto Hybond N and probed with the same labeled oligonucleotide in 30% formamide containing 3x SSPE hybridization solution at 42MC
ma). Colonies were expanded for plasmid DNA isolation and double-stranded DNA sequencing with the use of PRISM Ready Reaction Dyedeoxy Terminator Cycle sequencing reactions as recommended by the supplier (Applied Biosystems, Foster City, CA) with a V.3 primer (CTCTGCTGAGTGTCCTTCAA) (V33.2); we then performed gel electrophoresis with detection and analysis of the fluorescent product using the Applied Biosystems model 373A DNA sequencing system. No repeat sequences were found in either the naive resting group or the unactivated populations; one of 24 sequences was repeated in the 8 weeks post-primary group [and this bore the typical NNA motif (where N is Asn and A is Ala) of PCC reactivity]. Many repeats were found in both activated groups. In the primary-activated group, 11 unique sequences were found among the 30 clones; of these sequences, four were repeated 12, 6, 3, and 2 times. In the memory-activated group, there were eight unique sequences of the 26 clones from the population analysis; of these, four were repeated 12, 5, 3, and 2 times. Of the 15 single cells, there were 10 unique sequences, two of which were repeated 5 and 2 times. 30. Abbreviations for the amino acid residues are A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, lie; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, Gin; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. 31. Immunization, staining for flow cytometry, cell sorting, cDNA synthesis, PCR, "nested" PCR, and DNA sequencing were undertaken as described (29) leader-specific (AATCTGCAGTGGGTGCAGATTT-GCTGG) (V. 1 .12) for the TCRa chain. The primer V33.2 (29) and one specific for C, (GGCGTCGTC-GACGAACAGGCAGAGGGTGCTGTCCTGAG) (C,.3) were used for direct sequencing of the PCR product after column separation of PCR product from primers. 32. Animals were immunized and populations sorted by phenotype as described (29). "Sequence" in Table 1 shows a summary from data presented in Fig. 2 . "Dot blot" shows the results from screening PCR products containing V33-amplified DNA from the sorted populations as described (29). These products were titrated onto Hybond N (Amersham, Ar- In 1973, Merzenich and Brugge described several auditory areas on the supratemporal plane (STP) of the macaque brain, surrounding primary auditory cortex AI (1) . One of these areas, which they termed L, extends laterally alongside AI and onto the exposed lateral surface of the superior temporal gyrus (STG). Anatomically, several areas have been identified in this region on the basis of cyto-, myelo-, and chemoarchitecture (2) (3) (4) . In particular, the term "belt" has been introduced to characterize the cortical region that adjoins the koniocortical primary area laterally (2) . Little is known about the functional properties of neurons in any nonprimary auditory cortical areas of the monkey, because these neurons tend to respond poorly and inconsistently to conventional pure-tone (PT) stimuli (5 range. By the same token, auditory neurons that are higher up in the processing pathway might be expected to integrate information over a larger range of frequencies. We therefore used one set of auditory stimuli that consisted of bandpassed noise (BPN) bursts with variable bandwidth around a given center frequency. This type of stimulus is directly analogous to a bar or spot of light with variable size at a given receptive field position in the visual system. Thus, our experiments were designed to test for the existence of neurons that prefer a certain bandwidth of BPN bursts, just as neurons in the extrastriate cortex prefer a certain size of visual stimulus (7) .
We selected a second type of auditory stimulus on the basis of the following considerations. In humans, the lateral surface of the STG includes areas 42 and 22 of Brodmann, which correspond to areas TB and TA, respectively, of von Economo (8) . Lesions in these areas, especially in their posterior parts, cause deficits in speech perception but have relatively little effect on general auditory discrimination (9) . Hence, from an evolutionary and comparative neuroanatomical perspective, it was of interest to include species-specific communication calls as another type of wide-band signal. Previous nonhuman primate studies of this type have been performed only with squirrel monkeys (10) .
Electrode penetrations were made along both sides of the lateral fissure into the STG and STP of the left hemisphere in seven adult rhesus monkeys (Macaca mulatta) (11) . In six of the monkeys, recordings were obtained from the lateral belt region. For comparison, recordings were obtained from the primary-like areas AI and R [the rostral area (4), previously termed RL or rostrolateral area (1) ] in three of the monkeys. An average of 15 electrode tracks per monkey were distributed across the STG and STP; their orientation was approximately orthogonal to the cortical surface. At least three recordings per penetration were obtained, yielding a total of 400 recording sites.
We directly compared single-unit responses to PT and BPN stimuli at the same intensity levels in 158 neurons of the lateral belt region (12). Although PT bursts often had little effect, BPN bursts elicited a clear response in more than 90% of the neurons. In 129 of the 158 neurons, the response to BPN exceeded the response to PT. In one such example (Fig. 1, A and B) , PT bursts elicited only a small response, while BPN bursts evoked a markedly enhanced response at every center frequency. Both center frequency and bandwidth were varied over a wide range for 81 cells ( Fig. 1C ; see also Fig. 3 ). Responses to PT and BPN were then compared quantitatively at the best frequency and bandwidth (that is, those that elicited a maximal response) by calculating the ratio (BPN -PT)/PT X 100% for each neuron. In 50 of the 81 neurons (61.7%), enhancement of the response to BPN over the response to PT was greater than 50%, and increases above even 150% were seen in 18 neurons (22.2%). The opposite effect (that is, a suppression of the response by more than 50%) occurred in only two neurons (2.5%).
On the basis of these responses, we de- areas, respectively (14) . Area CL has not been described physiologically before, but its location relative to AI and the caudomedial area (CM) (1) on the STP suggests that it might correspond, at least in part, to (cytoarchitectonically defined) area Tpt (2) .
In the 81 neurons discussed above (19 in AL, 55 in ML, and 7 in CL), we quantitatively analyzed integration along the frequency domain with six or more bandwidths ranging from PT to white noise (WN). BPN bursts were centered around the BF,. A best bandwidth could be determined for 69 of the neurons. In the most common response profile, seen in 49 neurons (60.5%), a neuron responded poorly to PT or WN but responded strongly to BPN bursts with a certain bandwidth of 1/3 to 2 octaves (Fig. 3A) . Occasionally, two peaks were found in the bandwidth tuning curve, one of which could include PT or WN. In five neurons (6.2%), responses increased monotonically with increasing bandwidth; in seven neurons (8.6%), responses decreased monotonically with increasing bandwidth (the most typical response profile for AI neurons). The best bandwidth for a given neuron was largely unaffected by increases of sound level over a wide range. Although the degree of enhancement sometimes varied at different sound levels, the peak of the bandwidth tuning curve usually remained the same (Fig. 3A) . This level tolerance of best bandwidth included neurons that were nonmonotonic for sound (14) J..; To identify components of the calls that are responsible for these stimulus preferences, we segmented some of the preferred calls in the frequency or time domain and used the components as separate stimuli. When different frequency segments were tested, the response was often predictable from the suprathreshold frequency tuning curve (that is, the BFc obtained during BPN stimulation).
In other neurons, however, clear indications of nonlinear summation were obtained (Fig.  4, C through E) . The latter observation deserves particular attention in future experiments, because nonlinear summation in the frequency and time domain has been suggested as a major mechanism for the generation of complex response properties in the auditory system of bats (17, 18) .
Our results are promising for another reason: Areas 42 and 22 (TB and TA) in the human brain (8) are known to be involved in the processing of speech sounds. When these areas in the posterior part of the STG are selectively affected by lesions, impairments in speech perception are the result (9) . The involvement of these areas in phonetic or phonological aspects of speech has also been demonstrated by functional imaging studies, in which phonemes lead to stronger activation than do tones (19) . Our results from nonhuman primates demonstrate the presence of neurons that prefer various types of broad-band complex sounds, including species-specific vocalizations, in three nonprimary auditory areas (AL, ML, and CL) situated in a comparable part of the brain. The neural mechanisms responsible for generating the stimulus preferences in these areas may have become increasingly refined in the course of mammalian evolution, and they may play a role in the decoding of speech sounds in humans.
